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Dental X-Pay OMVLer Projeft

Final -.oor

Panormc dental rw % i m,~ display the a*A=ien~tal appomatu (the

teeth anid their supporting and undzving astm lytrea) on am contiiiou

5" x 12" film.

2he objective of this project was to develop a wouddnq ms of a

ccupterusd ictre-cm~nr/imge-rooingSyate for obtaining lk fry - If

relative to the dental status of a person using a Ipszu rid dental radiograph

as the source document.

7he 6- -nfo ' ti., in mahine readable form, could then be usned to bui Id

a data-base of standardized "dental Profiles" that could be usd to:

a) maintain a c! romlogical dental history for a given Patient;

b) check for pre-existing conditions at a certain Point in

tim for insurance Purpoe, egiliyfor detal came

by certain agencissucxh as the VA;

c) priovicie a file for possible itiiainof disaster victimi

basad on info11ati, of existing dental ondtitions (yemItPoratio,

missing beeth, prosthesis, etc) of the victim(s);

d) performl .dnuo~icecl dental health surveys for various

sub-populatico of the data-beow over tizer etc.

2his systimn would inde:~

a) a go= for digitizing the Ivags of a kital Iplow I-

b) a qm~ to coftrol. the r m cons i iitLuW victs

4natci o erate deus ued to sonitor operation of the

W and display the results of the picb= pooMMslz PCMMMzSI
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c) an interface hebimm the uouum aid cmft fc the

t- rssicni of digital in0ta frm tbom wyur to tim

amvwe MDA aizwsion) and! trewssmon of picture lnfomit.

f=Vi tbm souWW to the CO~pt~r (A/b om si~) ;

d) ag~mvoriate, display dwijim to provide visual displays and

hard cop of the iom~ processing reul2ts; and

e) the necessary cmqxter 1 zr ,a to drive and cizitrol timsoue

procss the picture inftritic ande cctol the vadau

'he re thre mJa ev1wi cicmi~ts in the Project:

1. liarc~tumr DeveISMI

- design and demlop the qpticai scwmM equipmt;

- select a suitble cospater system to drive the scomm and

process the picture OmaII, ; aid

-desi g xt otruct, the i.nterface reuired to Link the

swrto the coptr incluiua the necessary ID (wAnqAl-dgitaj)

ext DA (digital-to-eislao) cinw4L~tam.

2. Sofbinrs u.i

- dwe3M the cowbor pr 'sto%

a) trwmit inomitia I I bemem thm mommye mod

b,) drive the iwludlflg (mXtZl of the

mwm ie ad m! x Int of the dwiti;

0) prooms the digitized picturein tcs x
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d) orAntl ad f-A:wmatw the vericus diwpby devices.

A dmrig t4 m of each Cf fhai major pwojno CCi~pr1grt JS 1rin*t Iin

fol1awbW seftiaw of this rq mgt

3. Pictize -ftecesinn Naqortuw Dev x 1

evualuate the i n F1 Io cotmnt of the panormic dintl

9 -ior*i pxmduod by the Pauowac Dental. X-May umdiizm, ad

design~ the izmg prouuusing heristics for collecting and eval-

uatiry piobzeinouti fxm the radiorA.
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U. ~ -Ekhtcml ~~so icture MOWasNg

20I-omstical basld of pictare, or iuagm, pcocmuiq is the dAbl1ty

to ymroent a picture (or radiograph.) am 1,1 mtical fuzctim, flx,y),

of the optical density of the pictur. at coordinate point (x,y) in the

spat"i doain, or al tnatively, as a function. of frgimxies aund amlitudes,

F (uv), in the fresiioy dmin. Theu specific nmthmtical. beduq used

to truufocm the picture function, from one dmnuin to the other is the Pburiar

transform (and its inverse).

in general, objects or areas axe recognized in a radiograph by first

ttectinci the boanlary delieati the area, and then applyixg some type of

classification process to the shape or general density level of the delineated

area. to identify the object.

Themre are tw basic attributes that are used to describe the visual

appearne of a "bcwxiary" in a radiograph:

a) cn trast, and

b) destail

Essntilly rdiora~iccontrast is the urwmt of density difference

between adjaceNt areas in a radiograph. ! aiormpi 6' PIWastm- is amid to be

Thigh" when there are only a fewr rco gnizable density levels 1 P- a- the black

and clear areas in a radiograph; this is often referced to an"d= -softle"

otrast. Wan vmWn di ffePrent, density levels con be recogrdind, the raftozv

is said to ham. "lWe radIcgFahv, or "ogsaa otat

Fige ]A illustrats the mnity plot acoes a bmaay on a radtagrqh

with high vpr.3ojraI-I conrat. yote the A.ed di Fffu bsIn -Pia

A and B. The plot of the dmie in ftwity acoes a bazmywith 2cm

radiomgr q;hic c nt is dpcbed in Figue ThI note the reILtiVel SMU
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-mo~um in degaities bI-- zu-20 Argions AL ad a in the plft. ft is Jqmcca*

to note that in mriew for the bumn .y.-zain synbso to moopWi a boundary

in a rmI - 01h the difference in densitiesn bebitimn h zagimas on either

side of the bounarmy nuxt be greater then a certain critical Val=s.

Iron an l--s-pco.i Point-of-view, Imags onztrast is a significant

factor in the picture ra.i i P-on ad inrpr PaFo In the spatial

*zinein, mid critical density * FB-- - s mst aimo be definedl for the

computer to "recognizs" the udistuaos of a budary.

2he abruptness of dhangs in density beteen two diusenible areas in a

raigaph is referred to as raidionraiiW detail.

Density plots across a radiograph boundary with good ad poor detail

are illustrated in Fiqures 2a and 2b, respctively.

In general, radiographic contrast and detail are subjectivet .

7he uaiitc oncapt of a grdin cwbizms these two concpts into

a single quantitative measure by taking into cosieato the rater-of-dangs

of density in a criven direction ove a qivux distance in the picture or

radiographx. In o persdpicture processing, it is themagnitude of the

gradient in a given arm of the picture that is ultimtely used to ihuatify

It is knowun that sharply defined bounaries In thm spatial danin

are associated with 'ig-fwiqpncy xyI w , 11 in the frawacy exiinop f uzy

or soft bountoz-im have a sinficet -om frequncy g by z#wihg

thlow)n frcqtiny g - t (a) ftm the frequWo dcm&n -hI tsat~ of

a picture by the use of a 'hick-pesu filter"', ad using the Inxese s1uim

transfa to reftwn to the moatial demoin, the minuting 'iObm" WOWM sme
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SteP WWdg

A

Radiograph Radiograph
A BC D A BC

A BA B

Dmnsty Ouwit C D

Thin Thick Thin Thick

(a) (b)

The iiit at± n the lef t mod to a raiogaphi of given onm
with good detail - rsoft the abit dfiang of densty ben~ the Iag of the
thidt ard thin PcgtiMA~ of the stop wege The4 1 isutatin on the right
0C -1p,u to a radicaraph with the 9urntaft, but with p=o detail
v,e the relatively wide trenuitieai t:~ P-mu th area le~itin th
tic md thin pwfts of the stWdeP .
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to be Sharper in the sens that density charige -irreuponding to bound~aries

would appear more abrupt over a given distance (i.e. for a given region of the

picture, the density gradient would be greater after this filtering or enha n-

mnt operation was applied).

From this brief discussion, it is apparent that the visual detection

and recognition of a boundary in a radiograph depends mtwo facbors:

1. that there be a minimal absolute difference between

the densities in the region on either side of the

boundary - that is, there must be sufficient otrast

between the reicns; and

2. that this density change occur over a very smafl distance

so that the boundary is sufficiently "sharp" - that is,

the radiograph must possess sufficient detail.

The reconiticn of boundaries in an image processing system is also based

on the detection of a gradient of suitable magnitude. The caqxterized

system has the advantage, however, of being able to "mtheatically enhance"

the image by suitable filtering tedmqus before applying boundary recognition

criteria.
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fI. 7he Pan==e Dental X-RR av Izw8v

Ibile objects thmlelw nay have sharp, well-dafined physical

boundaria-M, the raigahcIzWJ of theme boundaries neve as

sharp or as well-defined. This Ingradation of boundary detail is an idmmrut

feature of all x-ray imaging system and is due to such factors as:

- finite focal spot size, rather than a pin-point source;
- scatter of the x-rays by the object itselfl-

- secatuary radiation;

- quantumn effect of intensifying sareens;

- film grain size;

- uvveient of object and/or x-ray tube during the eqPOSUre.

The Panorex Dental x-ray machine was used for this project as it

produces a display of each half of the head ccn a well defined 5" x 5" area

of the 5" x 12" panoramic dental film. See Figure 3. The design of this

machine is based ccn the principal of cuvdsufc tcerography.

Civentccal x-ray imaging techniques produc a radiograph of an object

in which all the stures in the path of the x-ray be=n are SUper-2sposed

upon one another in the resulting radiograph.

'h~t~rahyis an inaqing technique that can produce a relatively sharp

image of a layer within an object, with the images of the strucure albOVe and

below the layer of interest blurred out. Th degree of blurring of these

structus outside the desired layer is dependent cci the distance these other

structures are above or below the layer of interest - the further they are

rowd, the greater the blurring effect. 7he r tug ruphic technique virtually

eliminates the effect of supex-positiai Of structires Above and below the laye

Of interest.



ti -- I

.0

I D

Ponorex unit and an example of the panoramic radiograph made with this unit.
The x-ray tube and the casette holder revolve around the patient's head. A thin beam
of x-rays emerges from the tube head, passes through the patient, and then enters the
slit opening shown in the cassette holder. The cassette in the cassette holder moves be.
hind the silt at the some speed as the jaw is scanned by the x-ray beam. (Courtesy X-Ray
Manufacturing Corporation of Amerita, Great Neck, N. Y.)

.,igure 3



2* not effect in to pwm an x-ray Im of a dsired lwar in m

object that porta the atuctuwe in tin lay= of interest with gmeter

clarity and visua. -ility then could be praduced by a cotmau4i=1 statiONY

Medlaancally, the x-ray te and film carrier of the Panc mchine

am coxnmcted to each other, ad designed to rotate about: a zrtatict-cuWIi

in the object. The x-ray beam is collimated into a rArrow beem, or jeust,

with a rean lar cres-uecticn. Th film carrier has a slit that 1orrespn5

to the shape of the ollimated x-ray beam, so that only a porticn of the film

the Same size as the bean is expoed at any qiven time. As the tube and film

carrier rotate about the rotaticn-cuter in the object, the film is tZaD5.D-'-d

acroes the slit in the film carrer at a rate such that the image of the teeth

a"ears "sharp", while the structures on either side of the teeth are blurred

out due to their a4aret motion relative to the film.

For a fixed film speed, the thidams of the layer that apears sharp,

(i.e the "focal trough") varies with the angle of movwent of the x-ray bea

relative to the object. If the x-ray bea ma'mes through a large ingle, the

trough is narow; if the angle is mall, the band of acoqpable focus in wide.

For the Pam achi ne, the focal tough is about 1/2" to 2/3" wide.

2a iotic- ter is Just lingual to the third molars o then side

of the head oppoite to the sids that is being immagud. Mid-Wy thzough the

exposure, the omter-of-zotation is physically relocated to the qosits side

of the patient Is heed to peudt Iaging of the other side. '1bis insoomi dd by

physically moving the pstima the1 reiVdred distance relatift to thex-W



tu/fiam carrier -com-ut. Durim thi shift of ti, the

x-ray been is ,t-Offe but tth Ute-bmd an! ftib-xr contium to

rOtAtO about tiM object. see FSeIgU 4.

The x-ray bean is again turned on idn the tube-had/iu-mcarier has

been positioned over the ne roat -me. 7his but-dm of the bem

results in a clear band being pwioed in the mdle of the film and tim

imges of the teeth iui adsjacent to them tid-Line appear In bothi holves

of the radiogiraph.

7e radi! ggy Pc detail of f ibls produced by the Pnorex systes is sommt

less than that of otventi al x-ray imaging systms. 7he two major

factors r-esponible for this imge deg+idaion are:

1. movment of the x-ray source, film or object relative to

one another: this results in a decrease in the sharpness of the

resulting ims; even though all of these % an" are

suppose to be at relative rost to n a w ther, R: e is still

a very amll, but limited aount of motion betwee the object and

the film which results in a sliqht fuzziness in the radiogreph;

and

2. the use of a fibm cassette and intensifying scento redoce

the total amt of radiation required to pLmduoe thm rsdiogz a:

te srew intrz&u a= level of a m e that also has

a slight (hbzat neaa ive o fct on Imm" d tail.

2= are e mral other fa.or3 that also effect the dimity of ts adiogr ph

praduced by the Pauuc maddlm. Simse the expamg tine and E3yfl diet==

7IAI
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are fiinsl in thi Pan== syt their ef f t on the - We dwaity

of the resulting radiograph is a =iutatit. Assmdig r al a flm3 proesing

procedures, the variable factors which affect the ivapsdenity are:

actor Effect on Denity

kilvoltage increases with Kvp

mil~aerageincreases with a.

film increass with film speed

screen increases with speed

object size increases with thidos

It is inportant to &t that while the film and screen tay be standarized

for all subjects, and the ma set at a fimd value for all exposures, the

fp is a function of the physical size of the subject's head. Idividual

variation in bone strcture, bone density, etc. are not qmtitatively

osidered when setting the ft. his results in a o'siderable variation

in the over-all density level bsbien radiogra of different subjects.

While there is a specific mewwmr in which the head is positicned

relative to the rota"ts of the machine, the WmmW mrd

tilt of the head is only alxc dhint (it is based on a 5-dsgree dowmrd

inclination of the ala-tragus lin). This results in siderable variation

in the shepe of the dmetal awl1 in the resulting radiograph (,

the degree of onvdty of the ands u also in the position of the lnsx -.

Of other stnritures of the skull I-rn relative to the izas of the tetb



' ILMA EXPOSED

TUBEHEAID FOCAL
START TROUGH

V. FILM
~ *..~ ~ EXPOSED

~START O
/EXPOSURE

F ILM (b)
END

~OF CYCLE

Piaure 4

PrinciPle of operatic. of the Panorex Detal x-ray cbfin.. (&) blatinship
of the tube heed (A) and fii. transport Umobnim (5) to the patient.
(b) ba~tiasip of outstr of rotation and Local trou" to ptatets Jaw,

sosee frm above.
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2hus, %ile2 all -uxdro y rill cmain the -am budi Infoomda,

they ame sbject. to ouidecabW* variatia with ruoil x I aomv-all density,

oontzvst and Micail Isrdue of the da*tal axrdus, anu "niss" &s to the -mgs

of other stzuttw of the skull IntE--em with the mugs. of the tooth.

7here is also a certain deogyee of mmifctciin the resulting

r~OF Ms that is not coritant ove all parts of the lnge. Mile this

,variability is no ptvbln for the visual readingq of these aigrgw it deis

Present sin~ietprd~mma for a xzipter-based image Vics ingsts.

......



A. Syntee NBLARM

Che qic to pictu r ocessing is to digitize th entire pictur

and have it oore-resident in the cuiptur during prcesising. - mr I --

the nature of the infrio, Hn. that is to be actracted fruu the radicgra,

the simpling rate1 ould mot be less than 200/inch. Mmrefore, for a 5" x 5'

raidiograph, 1,000,000 data point would have to be stored; and if a hiow

smPling rats were required1 to detect significant density variattions, this

rnwber wold be even 1az~e

~ih ap~proach adapted for this project was to usne the pemcrauic radiograph

itself as a "randcm access storage nadi". This was aoczplSh1 by din

a flying-spot scuannr with no inherent raster-gifleating capability, bt rather

with the ability to position the spot at an (x,y) cordinate supplied by a

coapuer, and then return the density at that point bac to the coaputr. 'fun,

picture-imamlfomto of a snail section of interest, of the total radiograph

only need be in the omqter uutxry at any given timeg. This concept greatly

reduced the sine of the cmqxter momy required.

Based on this oncept, the OT scanning system was designed ad fabricated

with the following caqeoogts:

1. a flying-spot. optical acumr;

2. an M 3.30 oceputxw;

3. clisplay devices.

see Figure 5.
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no smw is a flymp-spt dsign uing a Ltn Diwtciw

m1±zopix Uta-i Definition 9T too1. No. L-4123) with a P-16

phowpxw. Iragratic focusing and deflection is sed, and'the M

in boued in a Litton bbd&l 1031 agnetic Sield to mdzntiMi the

effect of stray magatic fields ft= affecting the Spot amw and

posit on.

The mumt of dft action of the spot is depwut on the

analog signal resulting ftm the D/A coersin of tim x and y

coordinates tZumaitted to tm scamer fiun the o:qpter. Me

seaming ratrix is 2048 x 2048 points over a 5" x 5" area, amd the

spot size was less than 50m on the C face plate. The x and y

scan axess wee orthoiwl1 to within + 5 degrees; be=upstinn

time is less than 10 vir-ecr cs. see Figure 6.

The systa uses t FCA-4517 10-stage ohrIuwti.pl.er tu to

convert the light beau fkau the scanning CR to a signal p mg orticzial

to the density of the rad:iograph at a qiven scan point. After passing

through the fi bn, the truziuitted light be= is split by a half-

silveed mirr so that 50% of the trwW tto light goes to a

reference ptho iper, and 50% of the light goes to a

I-aw i pvtaO :Ltiplier. See Piqe 7 nd 8.

The output signal is the ratio of the outputs of the two

~~iultip~i; this techniquen has the advantape of.luzaz

the effects of variation in CRT spot intensity dos to I Q tiu3

in lins voltag, etc.

...........................- .
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Timing circuits ocitrol the ntg raP H tire of the

p :oxtemutipliers, and at the ad of the i. p 1at, period, the

PH. output sigral is fed to an A/b =Pveter, here it is onverted

to a digital siqnal orres Pczding to the density. Dnsity returns

are digitized to 64 levels, - rre-pcndinq to an absolute density

of 0 to 2.05. See Fiqure 9.

All necessary power suplies, timing circuits and related

electrcnics were housed in co cabinet, and the C and Pifi's were

built into a second cabinet.

The cmp*er used was an TIE 1130 with 16K core mmory, one

disk, and a line printer.

There were several display devices inc orated into the system

that pexaitted real-tim visualization of the scanning process, and

selective output of either the scanning process or the results

of processed inf ation.

Pt- real-time monitoring of the scan process, a Itrcdix

Type 602 Display Unit with a 5" CRI with a moderately long-

persistance phspho~r was selected. This device was - . 1o-te

into the scarmer hardware and provided a direct visualization of the

movvsent of the spot of the scanning C. A Tetrnix Type C-30A

camra with Polaroid Land rol-f-iLm 11ar-bac wes provided to take

pictures directly frm the face of the 602 unit.

A Tektronix 611 Storae Scope with a 2311 hard copy unit was

available to display (and hold) grWAc output frm the

ce;ter, and the 1130 lJ printer ,mn available :r text printing.

See Figutes 10 and U.
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7

Fiaure 10

The DXCP system hardware. Fran left to right: the tll cabinet on the left
houses the scanning CR and the photomfultiplier tubes-. the other tall cabirmt
contains the power supplies and control circuits; the boxes n top of these
cabinets contain the oamter interface components; next is the Tektranic (;U
storaqe scope and the 2311 hard copy unit; the IBI 1130 ompbe is on the riaft.

k".A,. -- . - - -- a
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Contents of the cabinets shmm on the left in Fiqure 10: In this photograph,
the scanning CRT andi photcmutiplier circuits are in the cabinet an the right;
the other cabinet contains the power supplies and other associatet' circuita.
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B. Data ayitcu

An analysis of the in A -- mion tet of the panorauic radiograph

pdu:ed by a Paorex DwAtl X-ray machie revealed the 1o~lzat'g a,itim

that had to be taken into cV!aderatim and utilized in the develaFI

of the data cquiiticn algorithm:

1. the images of the tAeth occupy only about 25% of the puicdc

radiograph;

2. there is cosiderable variation in the geea appearne

of the image of the ental arches in the pan .rmc

radiograph, both with respect to their positio on the

film and the relative position of adjacent boney structures

of the sl01;

3. the resulting age of the incisal and oaclusal surfaces are

sensitive to head position during the exosure, so that the dental

ards could apear either cnvex, flat or oona dapercdli

on the I ncl Ination of the oclusal plane during the exposure;

4. there is cnsiderable variation in the overall density of

radiograp, of different people due to individual variation

in head size, and bone density and structure; and

5. images of similar strictures (i.e. dentin) in the sam radiograph

have different absolute dsiti, so that there is no way of

estalisingan absolute density mq~inq that would be applicable

to all areas in a givmn radiographl



G. en intor-arch sae %m alis ftdw (iuU . vas of pr

ticaml density) than the bordering be or aentu3oa

areas;

7. the bounaries berbe the oncdsal ufaces of the

teeth and the anterior border of the ruim of the madible,

and the inter-arch apace waret almost always dharacterized as

-high contrast" botzdarim relative to other boundaries in a

given radiograph;

8. the image of the meio-incisal angle of the and lo

central incisor tooeth always apeared in a finite bounded region

of the radiograph, about 1" square;

9. the shape of the tooth ivages are such that the ro botmdarisu

are ap;pcnadtely at right angles to the occlusal/incisal edges;

10. the iin s of the ront portions of the teeth ware ggzciumtely

rt u in shape, with the long- ids of the rectangle

perpdicular to the occlusal/incisal surface.

Based on these cibervaticns, the following procedure was derieloped to:

a)autanatically direct the system to a readily identifiable starting point

in the radiograph; b) direct the scaner to gather sufficient f MUM

to define the occlusal and incisu boundaries of the and loer teeth,

or the ridge boundary in the ces of missing toet; and c) direct the sumw r

to gather sufficiet i9-- 1io to Weins anid identify the root bounderim

of existing tseth.
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7hm prcoedure camimsted of tw parts: a) a tacbmiu fl raoortiiM

a ficicial mark in the radiograph in a specified positLn relative to

the teeth; and b) a heuristic cputer prgru to direct the scmes r t

sample the density of the radiograph in a specified mnazr.

Fidlucial Mark Peording:

1. At the time the radiograph is taken, a plastic bite-blodc

(about 5116" thick) with a snaIl piece of wire ueddad in

it was inserted in the subject's mouth and oriented so that

tm icrg-axis of the wire-insert was parallel t the long-axis

of the teeth and located at the mid-line of the dental arche;

this tedmique provided a means of readily identifyng the mid-line

of the dental arces on the radiograph, end insured the separation

of the uper and lower teeth and the existance of an "inter-arch"

spc in the resulting radiograph. See Figure 12.

Heuristic Processingq Algorithmn:

1. The first step in the processing algorithm omsists of a

sequence of horizotal scans in the bounded region in which

the radiogahc image of the bibe-block wire is expected; this

scan continues until the image of the wire is detected amd

verified based on size and shape parameters. See Figure 13.

2. Usinq the mid-point of the wire as a starting point, a -oizontAl

scan is initiated extending distaly frn the wire until the

boudary betmen the inter-arch space or lowe (pper oth is

detected; from this In -mtion point a vertical scan is
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(a) (b)

Fiue12

Raster scan (a) ant isa-density curve display
(b) of panoramiic dental rafiograph with f iftcia1.
wire mark at mid-line of denital arches.
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initiated until the - betwen the intr-arch ece

and anupe (lower) tooth is --ooW ,r g .

3. Usir the mid-point of the line joining this pair of upper and

lower b=xnary points as a starting point, step (2) is

repeated; this "stair-ce" procedure is repeated until the

anterior border of the ran= of the mndible is detected. See

Figure 13.

4. A second-oz er least square ourve is fitted to the set of

upper, and the set of the lower arch boundary points, azrxmtely

the occlusal-incisal surfaces of the teeth; these curves are used

to define the trajectories for the root-scans of the respective

arches. See Figure 14.

Note: If the head position was such that the Image of the

arches were flat, rather than concave, the anterior

border of ramus wuld be intercpted on the first search

scan fxm the mid-line wire in this case, the occlusal-

incisal surface could be ar- led by the straight

line.

5. Starting at the mvbw of the mid-point of the wire, a

line is defined parallel to the log ads of the wire-this

line marks the menial enbent for the ot ac s again,

starting at the -iter of the wire, a distance d is marked

off along this line in an upr and lowr directi - using

theme points as starting positions, and follouing a trajectory

as defined in stop (4), data is collected at a specified

saling fruqwxny and s-orI in the casputer; th starting
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Figure 13

Qmpater-quided search for the fiducial, mrrk, and the
"stair-case" scan to define a set of points cn the
bmulxary between the inter-arch spaoe and th~i~e
and lowr teeth.
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FigMr 14

least-square curves determined by the
set of points defined by the "stair-
case" scan procedure super-irposed on
the scan trajectories of the fiducial
mark search and the stair-case scan.
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point is tbwi mved apically frou the p=A"m position by

a sp~ecified aff~nt and this rvot-qein prvmsu is repeatgd until

ten such ro'ot scans have been Cmpleted. See FIgu-e 15.

6. Starting at the mid-line wire, and eXtenin distally, a series

of up and down scans are perfomed to define the boundaries

between the interarch and the occlusicm-ircisal edges of

the upper and lower arches. See Figure 16.

At this point, eleven data vectors are stored in the cuter for each

arch: ten root scan vectors and one occlusal-incisal edge vector. The set

of vectors for each arch contains apprmdmately 4000 data points and coitains

sufficient jnfoi'ation to define the outlines of the teeth in each arch, if

they are present. This tedniq relresents a marked reduction in stored

data points as cmared to storing the digitized image of the entire

radiograph (i.e. about 4000 vs 1,000,000 data points). See Figure 17.

C. Infftocessing

As stated in Section II, cal ept of Picture Processing, a

picture can be described in temrn of the density at every point in the picture

in the spatial danain, or in teis of frequency and aplitde in the frewacy

domin. Sharp boundaries were also defined as cnsisting of stially high-

frs umy opwts and the inclusion of 1o-freiuency =Pmnts taenc y to

Nake the boundary fuzzy ad less distinct. A picture with "soft" boundaries

col be amhanc by filtering out the 1oe-freqummcy xiprwits by a suitable

high-fr@qnucy filter, and whe tansfomP back into the spatial min the

picture would apear "sharper".



I3

Figure 15

Teten ivot sw trajectories.
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Figure 16

"escan to determine~ the actual boundaries
bebmen the inter-arch space and the coclusal
incisal edges of the uner and Iower teeth, and
the scan trajectories of the r scans.
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Figtxre 17

1?. data vectors pzroducd by the root son jpzooedre.
7%m vectors contain the. densities of the ample
points alencr the ro san trajectories.
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Just as a picture has both a spatial and frequency domain r Pprzin P -t 1

so does a "filter". Wile picture can be acoxpliskad by fi1tring

in the frequency domain, the trazsfctemation from the spatial domain to the frequcy

domain application of the frequny domain filter and then transfouetican

back to the spatial domain is very time consuming process, even on wry

fast caqx*ers.

An alternative approach is to develops a suitable filter in te frequency

domain and find its equivalent representation in the spatial domain. It can

be shown that the process of filtering, or convolution in the frequency doain

(or the poer spectrum equivalent which is the "square" of the EremIjues)

can more easily be acamplished by viewing the density data in the spatial

domain through an aperture window of varying transmissio. Such a "winow"

onsists of a set of weights which is the spatial domain equivalent of the

frequency domain filter. Each data point (i.e. density at point x,y) is

replaced by the result of the weighted average of the given point and its

neighbors. See Figure 18.

Different sets of weights will produce different "filtering" or amoohirq

effects. Actually, what is used is a "band pass" filter that will room

the low frequency =%=mu that case fuzziness of the bo=daries, and also

remw the very high frequency "nise" that has the effect of intodI

"false boumdaries" or artifacts into a picture.

bese filters, or sets of weights must be determined wmy carefully,

to "heavy" a filter will mooth out the data to such an nactan so a to

eliminate all bowlary indicating and to "light" a filter will have virtually

no effect, or may even aomtunts the "syst n ise" by creating an effect

called "rin ng".
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S po tiol Power Spectrum
Domain Domain

( 1) I F.TI

x

UU

Figure 18

elationship between filtering in the spatial,4omain
and in the frequency, or power spectrum, domain. fte
same effect of convolution in the power spectrum domain
can be more readily accosp.Ashed. by multiplication in the
spatial. domain by viewing- the data through a -data wvaiv-
of varying transmission. This is Accolished by repLudzn
each data point in the spatial. domain by emu weighted
average of the given point and its neighbors. The met of
weights is the spatial domain the the invere Fourier
tnM fo of the filter in the frequency domain.

(a) raw data
Cb) filter repr-ee@tation
(c) filtered data
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Fixed mozy amn-zusw) d fad, amey (mcursive)

filters were umed to u*mce the root sc s. ales of the Py Ef' function

of these filters are illustated in Figure 19(a,b,c); the cu rive and

ydddl curve correspond to a ni-recursive and reoursiw filter, rspectiAwly,

and the lower curve is a plot of the dif fmrnc betwenthe two filters.

WMle the behavior of both types of filters were about the same in

the desired band-pass region, the recursive (fading rwiry) filter penFl

better outside of the band-pass region as evidenced by the back of ringing

at hi*er and lor .

These band-pass filters were used to:

a) remove thei l-freu ncy cporents generated by the

blurred-out images of structures outside of the focal

trough of the Panorex detal x-ray imaging systm; and

b) to reject the high frequency cooents corrn ding to

film grain, q=um noise prodtf d by the intensifying

seensp and small variations in density within the tooth

image itself due to anatomic and strctural varlations of the

tooth itself (i.e. pulp chamber) and of the supporting bom

(i.e. bote trabeculae).

Appict-io of theme frsquwcy domin filters require about 5 mdnutes of

c ter time due to the need to transform the rw data fzca tim spatial

da in to the ftou=y domain and back to te spatial domain after the filter

MRS applied. By Calculating te spatial daain rm mtation of timIe filters

and using te resulting ,mightIn funm directly on the rw seen data,

processing tim me reduced to about 10 mo1ds per @=Oi.
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Figure 20 (a) shmi the ton uihuved roat scans platted in a merial

umr - nOt howv the hills and vallqs wre P- to the root amtour

Of the Original radiograph (refer to Figure 12). Figure 20 (b) in a display

* of the ommputer analysis of the occl'ual/inoisal surface soul of the smm

radiograph. The vr truction of the toeth izmages from the zat: scans

and coclusal/inoimal arface scan. is shown in Figure 20(c). lbm this

infojaIo (for one guaftrant only) can be used to fill in a dltal dwmrt

is illustrated in Figure 20(d).

Figure 21 is an isodmisity moan of a panormic radiograph with

issing teeth. Figures 22 (a) - (d) show how the cuiputer canis shtI, the

missing teeth and report out the results a~rigy

IS
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(a) (b)

FkpWMe 20

See tct few details.
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Isodensity plcyt of panoramfic radiaraph
with missing teeth in lower jaw.



(a) (b)

Bee twxt for detals.
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Just as variosu patterns of densuity dm.i. cn a glabul, Imi moe iinm

to identify the presence of toeth, an anlsis of the denity -ptirlli within

those tooth outlines could be moed. to identify the adautenoe of cartain

cmditics within the teeth.

For era=ple, Figure 23 is an isolSuiity scan of a lower molar too t.

7hmr ina a am' area of decay on the right side - inte the very distinctive

dwage in the- iuOdunitY OiWs in this area as omzpared to the left sli

wichd in non-carious.

7he pattern of a liarge area of decay is illustrated in Figure 24.

In this bi-cuspid toot, the entire right side is &toye by caries - op"i,

note the significanty difffersm pattuer of this area as compared to the

nnz-caruS left side.

A metallic reto ration, which raigaphically appears as a c0a area

with a very distinct b~mdary, can be readily udentified. in the tooth t~ ta

in Figure 24. TMe sharp boundary is characterized by a steep density grait,

and con.aily the isoduesity conour in the regio of the boundary

are tightly bmchemd together. 71 e clear area morraupq mn to the metallic

reso!-oration has a very uniform awerance an the radiograph and this region

has vary few, if any, different density levels. no wonl-delineated

are an the left aide of this tooth below the rdi-a a~ area of the

filling is recurrent decay.

From theme three ilustrations, it is evidmit that namul tooth

structure, carie and metallic reintorstions have chr cI Ptic duiCaty

patterns that are mot only visible to the eye mn a rafiograph, but also ba

VerY dI-cars *r istintv desity 1 matI P that amr capable of

being recogniged by oamutw I pri.
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Accordingly, the next stap after identifying the boundarJeu of thu

teeth, is to e dune the interior of the regions defined as "teeth" to

identify such =xditions as the ecistence of Metallc (or other radio- O)

res t ons arid caries. Carputer program were developed to do a "star-scan"

in an area within the tooth botnay orrespcrdin to the crown of the tooth.

Figure 26(a) illustrates how the xzriter prograu is able to identify the

cromn of. the lower first volar. The center of this area was detenmned and a

series of radial scans executed beginning at the center and taninating at

the outer boundary of crown region. See Figure 26 (b). 'hse density

vectors contain sufficient infontation, both with respect to density

changes and position of these hanges within the tooth, to identify

radio- restorations and decay. Howqever, the progrn to analyze

this data have not been iulemeted.

w
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Fiqure 26

The interior radial or "star" scans.
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V. Famat. and Conluions

The ability to scan a panoramic denta radiograph and uctract sufficient

infotionto identify the Presenice or absence of teet has been dIn ,ua a d,

and priocedures to do a detail scan on the areas of the radiograph -or-reowzwding

to those teeth present have been developed. The I -arac-teristic density patern

associ ated with norml tooth structre, redio-cpau retnrationu and deca

have also been idetified. These procedure and techniqe wme dNJ stra.ed

on a set of original pemrwic naigraphs taken of actual people.

There were, hower, difiuois unitered in the aucoNsful

application of the scanning and evaluation process to allrdonp. either

the proces would not wcrk, or only a part (i.e. a quadrant) of a radiograph

could be correctly- evaluated. These difficulties were atriuable toesntal

1. The diagnostic quality (i.e. contrast and detail) of all

radioaph. 1 was riot consistent - inmsa instances the izage was

so poor that it was not possible for a hure evaluator to

nobjectively"l read the radiograph; and

2. Variations in head position and individual bowe structure

resulted in raiorjh with varying derees of "noise" du

to the szrsiinof only partially blurred-ont wma1omic

strutues on the tooth images.

In my case, znre attention to the mr in wh~ich theraigph

wer taken and better control over the deloeping ptocedure vald have

pzodusd raiqquthat Would pRdbably have been scaud with eater

-reliability.



-54-

For sm others, # hawr, aitional effort is required to:

1. Develp a inschaiuu to dynuniall3y adjust the duwity ruiage

to compmte for the eftrm light or dark regicms =-Imtre,

and to establish a nmUized density range for each radiograph; and

2. To develo filters with greater sensitivity and dsrimiation

ability to reject noise patterns caused by anatmnc variation -

this is especially true for the upper jaws where the images

of the maxillary sinus, orbits, zygmatic arch, nasal fossae

and hard palate freuently are sueispoed over the ilages

of the upper teeth.

Frnu a techbnlogical point-of-view, there has been little inpt

in the basic scaning apparatus (i.e. scanning C and ptiplier tubes).

However, there have been draMatic advances in logic circuit-design and

fabricatio, so that much of the older circuitry could now be replaced with

miR O-prossors n chips, and a mni-iputer could be used in place of

the l130. This could result in a smaller unit with increased processing

speed and the ability to perfom much more cuplex picture processing

procedures at a lower overhead.

It is generally believed that if these basic features recgnitict

algorithm (with the modi ica on - rpora 1tad as described above) could

be ivplmented an a systau reflecting the nwwr mp~sr tactwlogy, it

wuld be posible to upgrade the syItSu so that there wld be a marked

lzprveit in the parfrec BOf the MMY smanni systim with respect to

both prmoessing speed and system reliability.
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